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Puzzle in Precnsmn Electroweak Data
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Precision EW data from LEP and SLC
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Cross sections and Asymmetries

mwmﬂfﬁ‘;'”M&’!°~"'~“*’lev-.c4;-M\ca&w,,.”“ o e Riad ‘m' 2 ll_"&.'w
dULl 9 9 9 e i
dcos 0 X gre9re(1+cosb)
dog;
o ghghe(1+ cost)’ z
dor 2 2 (1 2 ¢
Op — OR dcos 0 X GieJrs(1l — cosb)
AFB — dO’RI 9 9 1_ 9 9
O-F + UB d0039 X gRegLf( COS ) :
01, — OR 1
ALR —
oL + or (| Pel)
A . (UF — UB)L — (O'F — UB)R ] Z\bos
LRFB —
(OF + CTB)L + (UF + UB)R <‘Pe‘> OII OII[ A(P)*’[t; . §.A Af
is 47
12 f2 AV =
— 2 12 , 3
g T IR ATRFB = ZAf




EWWG

Measurement Fit IOmeaj—Oﬁtléameas
m,[GeV] 91.1875=0.0021 91.1874 1
r,[GeV]  2.4952:0.0023 2.4965
opg[Nb] 41540 +0.037  41.481 m——
R, 20.767 +0.025  20.739 mm—m
A 0.01714 + 0.00095 0.01642 -
A(P.) 0.1465 + 0.0032  0.1480 mm
R, 0.21629 = 0.00066 0.21562 m—
R, 0.1721 +0.0030  0.1723 |
AP 0.0992 = 0.0016  0.1037 E—————————
AC 0.0707 + 0.0035  0.0742 |
A, 0.923 = 0.020 0.935 mmm
A 0.670 = 0.027 0.668 I
A (SLD) 0.1513 £ 0.0021  0.1480 ———
sin“0.(Q,) 0.2324 +0.0012  0.2314 |
m, [GeV]  80.425+0.034  80.389
r,[GeV]  2.133+0.069 2,093 mm
m, [GeV] 178.0 = 4.3 178.5 1

o 1 2

>+ 0.3%
> -4%
> 2%



0.23099 + 0.00053
0.23159 + 0.00041
0.23098 + 0.00026

0.23221 + 0.00029
0.23220 + 0.00081
0.2324 + 0.0012

0.23153 = 0.00016
¥’/d.of.:11.8/5

ELE 8 Ao = 0.02758 = 0.00035
o ‘ B m=178.0 = 4.3 GeV
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Near the Z-pole measurements
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Above the Z-pole measurements
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Previous explanations of Agfp
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focused on modiftying the right handed b-quark coupling to Z:
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Previous explanations of Agp
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focused on moditying the right handed b-quark coupling to Z:
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Z’ near the Z pole
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The model

mmmmnd% h-umazggou--s‘iiézwvmgp.mg B e oy w
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all 4 couplings and the mass are free parameters
all other couplings and the Z - Z° mixing negligible

(discussion of typical couplings and flavor violation later)

A possible complete model - not charging SM fields under U(1)’

directly, but rather through a mixing with extra heavy fermions:
Effective Z°, P. J. Fox, J. Liu, D. Tucker-Smith and N. Weiner, 2011

¢ complete control over the couplings, flavor violation can be small
¢ standard Yukawa couplings are preserved

< anomaly free
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just what is needed
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better than SM
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Quantities mcluded 1n the fit

e L TR T R R L L S R S PR P
Quantity Exp. value SM x%,,
0p.q nb] 41.541(37) 41.481 2.6
Ry(—2) 0.2142(27) 0.2150 0.1
Ry 0.21629(66) 0.21580 0.6
Ry(+2) 0.2177(24) 0.2155 0.8
Arp(—2) 0.0560(66) 0.0638 1.4
A% (pk) 0.0982(17) 0.1014 3.5
At o (+2) 0.1125(55) 0.1255 5.6
Ap 0.923(20) 0.9346 0.3
RY 20.804(0.050) 20.737 1.8
AV, 0.0145(25) 0.0165 0.7

Ac(LR — had.) 0.15138(216) 0.14739 3.4
Ac(LR —lept.) 0.1544(60) 0.1473 1.4

total x* 22.1



mg = 92.2 GeV, g'¢ = 0.0059, g% = 0.0073, g¥ = 0.040, and g} = —0.54;

Exp. value SM x%,, Z' «x%
41.541(37) 41481 2.6
0.2142(27) 0.2150 0.1
0.21629(66) 0.21580 0.6
0.2177(24) 0.2155 0.8
0.0560(66) 0.0638 1.4 0.0577 0.1
0.0982(17) 0.1014 3.5 0.0979 0.0
0.1125(55) 0.1255 5.6 0.1136 0.0
0.923(20)  0.9346 0.3
20.804(0.050) 20.737 1.8

A% 0.0145(25) 0.0165 0.7

Ac(LR —had.) 0.15138(216) 0.14739 3.4

Ac(LR —lept.) 0.1544(60) 0.1473 1.4

total x?2 22.1




The best fit
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mz = 92.2 GeV, g¢ = 0.0059, gi¢ = 0.0073, g7 = 0.040, and g5 = —0.54;

, . 0.220 -
Quantity Exp. value SM x%,, Z' x% ;
0.218}
o0 . [nb] 41.541(37) 41481 2.6 . SM+Z N
- & 0.216
Ry(—2) 0.2142(27) 0.2150 0.1 0.2156 0.3 ] ' .
0.214 SM
RY 0.21629(66) 0.21580 0.6 0.21670 0.4 :
0212}
Ry(+2) 0.2177(24) 0.2155 0.8 0.2177 0.0 S
8 90 91 92 93 94
Arp(—2) 0.0560(66) 0.0638 1.4 0.0577 0.1 Ecu [GeV]
A% 5 (pk) 0.0982(17) 0.1014 3.5 0.0979 0.0
Ab 5 (+2) 0.1125(55) 0.1255 5.6 0.1136 0.0 0.14
Ap 0.923(20) 0.9346 0.3 0.12 M
R 20.804(0.050) 20.737 1.8 0.10
af I
€ =l - <4 I
AYS, 0.0145(25) 0.0165 0.7 0.08 SM47/
Ao(LR —had.) 0.15138(216) 0.14739 3.4 0.06
A.(LR —lept.) 0.1544(60) 0.1473 1.4 ooaf
| | 7789 90 91 92 93 94
total x? 22.1
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The best fit

ikt : T b . TN PR P e e e

mz = 92.2 GeV, g¢ = 0.0059, gi¢ = 0.0073, g7 = 0.040, and g5 = —0.54;

, . 0.220 -
Quantity Exp. value SM x%,, Z' x% ;
0.218}
o0 . [nb] 41.541(37) 41481 2.6 41.529 0.1 . SM+Z N
- & 0.216
Ry(—2) 0.2142(27) 0.2150 0.1 0.2156 0.3 ] ' .
0.214 SM
RY 0.21629(66) 0.21580 0.6 0.21670 0.4 :
0212}
Ry(+2) 0.2177(24) 0.2155 0.8 0.2177 0.0 S
8 90 91 92 93 94
Arp(—2) 0.0560(66) 0.0638 1.4 0.0577 0.1 Ecu [GeV]
A% 5 (pk) 0.0982(17) 0.1014 3.5 0.0979 0.0
Ab 5 (+2) 0.1125(55) 0.1255 5.6 0.1136 0.0 0.14
Ap 0.923(20) 0.9346 0.3 0.12 M
R 20.804(0.050) 20.737 1.8 0.10
af I
€ =l - <4 I
AYS, 0.0145(25) 0.0165 0.7 0.08 SM47/
Ao(LR —had.) 0.15138(216) 0.14739 3.4 0.06
A.(LR —lept.) 0.1544(60) 0.1473 1.4 ooaf
| | 7789 90 91 92 93 94
total x? 22.1
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The best fit

ikt : T b . TN PR P e e e

mz = 92.2 GeV, g¢ = 0.0059, gi¢ = 0.0073, g7 = 0.040, and g5 = —0.54;

, . 0.220 -
Quantity Exp. value SM x%,, Z' x% ;
0.218}
o0 | [nb] 41.541(37) 41.481 2.6 41.529 0.1 . SMZ N
- & 0216
Ry(—2) 0.2142(27) 0.2150 0.1 0.2156 0.3 ] ' S —
0.214} SM
RY 0.21629(66) 0.21580 0.6 0.21670 0.4 ;
0.212}
Ry(+2) 0.2177(24) 0.2155 0.8 0.2177 0.0 S
8 90 91 92 93 94
App(—-2) 0.0560(66) 0.0638 1.4 0.0577 0.1 Ecu [GeV]
A% 5 (pk) 0.0982(17) 0.1014 3.5 0.0979 0.0
Ab 5 (+2) 0.1125(55) 0.1255 5.6 0.1136 0.0 0.14
Ap 0.923(20) 0.9346 0.3 0.12 M
RY 20.804(0.050) 20.737 1.8 0.10"
af I
€ =l - <4 I
AYS, 0.0145(25) 0.0165 0.7 0.08 SM47/
A.(LR —had.) 0.15138(216) 0.14739 3.4 0.15014 0.3 0.06
A.(LR —lept.) 0.1544(60) 0.1473 1.4 ooaf
| | 7789 90 91 92 93 94
total x? 22.1
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The best fit

ikt : T b . TN PR P e e e

mz = 92.2 GeV, g¢ = 0.0059, gi¢ = 0.0073, g7 = 0.040, and g5 = —0.54;

, . 0.220 -
Quantity Exp. value SM x%,, Z' x% ;
0218
o0 . [nb] 41.541(37) 41481 2.6 41.529 0.1 . SM+Z N
. & 0216
Ry(—2) 0.2142(27) 0.2150 0.1 0.2156 0.3 ] ' S —
0214 SM
RY 0.21629(66) 0.21580 0.6 0.21670 0.4 |
0212
Ry(+2) 0.2177(24) 0.2155 0.8 0.2177 0.0 P
8 9 91 92 93 94
Arp(—2) 0.0560(66) 0.0638 1.4 0.0577 0.1 Fcy [GeV]
A% 5 (pk) 0.0982(17) 0.1014 3.5 0.0979 0.0
A% 5 (+2) 0.1125(55) 0.1255 5.6 0.1136 0.0 0.14
Ay 0.923(20) 0.9346 0.3 0.9237 0.0 0.12/ M
R? 20.804(0.050) 20.737 1.8 20.765 0.6 0.10/
af I
AY%e 0.0145(25) 0.0165 0.7 0.0174 1.4 “ 008 SM4Z!
A.(LR —had.) 0.15138(216) 0.14739 3.4 0.15014 0.3 0.06
Ac(LR —lept.) 0.1544(60) 0.1473 1.4 0.1473 14 004

total x? 22.1 4.61
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The model
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S with minimal set of couplings "/
no new sources of flavor violation
(in principle)
with all couplings,

in effective Z’ framework,
flavor violation is small

small flavor violating couplings can be useful
to explain other deviations from the SM

talk of S.G. Kim
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Further constraints from LEP
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Higgs-Strahlung
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Higgs like excess can be explained by Z°!



Z’ at the Tevatron and the LHC
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pp —> Z,b — bbg typical prediction o(pp — Z'b) ~ 20 — 30 pb

? ::g D, 4.2 b’
g | 3 jet o
Best Fit (with signal template) CDF Run Il Preliminary i~ 200 Low-mass likelihood
¥ - bbB 2 —+— D@ Data
o 1800 o —— Background
> [l bBb & _ I Heavy flavor
o 1600
o B bbX
0 1400 M bCb
—
‘R’ 1200 I bQb
T 1000 B m,=150
Q ® CDF 2.2/fb
> 800
600 2
400 |5
)
200 L P T ST S

0
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dijet mass m_, (GeV/c®) M, . [GeV]

o(pp — Hb) x B(H — bb) < 30 — 50 pb
constraints on this Z’ soon!




Conclusions
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o

o
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o

7’ near the Z-pole is a strange but viable scenario that explains
the puzzle in A?‘B and A, (LR — had.)

needed couplings do not necessarily introduce new sources of
flavor violation

extra Zbb events can (partially) explain the Higgs-like excess at
LEP above the Z-pole

optional flavor violating couplings can explain other deviations

from the SM
talk of S.G. Kim

testable at the Tevatron and LHC in 3b, 4b events

24



